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Summary
Background: No information is available on the clinical signiﬁcance of a positive T wave in lead
aVR in myocardial infarction (MI). Accordingly, in the present study, we sought to clarify the
associations of the positive T wave in lead aVR with hemodynamic, coronary angiographic, and
left ventriculographic ﬁndings in anterior wall old MI.
Methods: We examined 122 patients with anterior wall old MI who underwent diagnostic or
follow-up cardiac catheterization including coronary angiography and left ventriculography.
The patients were classiﬁed into the following 2 groups: patients with a positive (≥1mm) T
wave in lead aVR (n = 20, group A) and those without (n = 102, group B).
Results: Group A had higher pulmonary arterial, pulmonary capillary wedge, and left ventricular
(LV) end-diastolic pressures and a lower cardiac index than group B. The prevalence of a long
left anterior descending coronary artery (LAD) was higher in group A than in group B (60% vs
30.4%, p = 0.01), and none of group A patients had an LAD that did not reach the apex. Group
A had a lower LV ejection fraction than group B (36.4± 11.6% vs 48.4± 12.7%, p < 0.001).
Conclusions: The positive T wave in lead aVR is related to severely reduced cardiac function,
with an LAD wrapping the apex, in anterior wall old MI. Further studies are needed to clarify
whether the positive T wave in lead aVR is associated with an adverse outcome in patients with
anterior wall old MI.
© 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction
Although numerous studies have examined the association
between T-wave abnormalities with or without ST-segment
changes and cardiovascular events [1—8], the T wave in lead
aVR has been mostly ignored in these studies. Tan et al. [9]
recently investigated the associations between the ampli-
tude of the T wave in lead aVR and cardiovascular mortality
during a mean follow-up period of 4 years in 24,270 consecu-
tive male veterans whose electrocardiograms were obtained
for clinical reasons. In the study, they found that T-wave
amplitude of >0mm in lead aVR was associated with a 5-fold
increased relative risk for cardiovascular deaths compared
to T-wave amplitude of <−2mm. However, no investigations
have been so far undertaken with regard to a T wave in lead
aVR in myocardial infarction (MI). In this study, we sought
to clarify the associations of the positive (≥1mm) T wave
in lead aVR with hemodynamic, coronary angiographic, and
left ventriculographic ﬁndings in patients with anterior wall
old MI.
Methods
Study patients
The study patients consisted of 122 consecutive patients (96
men and 26 women, mean age of 65.9± 11.3 years) with
anterior wall old (>6 months) MI who underwent diagnos-
tic or follow-up cardiac catheterization including coronary
angiography and left ventriculography at our university hos-
pital between January 2007 and December 2009 and who did
not meet the exclusion criteria. Exclusion criteria were con-
comitant MI caused by an occlusion of the left main trunk,
right coronary artery, or left circumﬂex coronary artery,
right or left bundle branch block, intraventricular conduc-
tion disturbance, ventricular rhythm, and no other heart
or lung disease affecting electrocardiographic ﬁndings. The
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Table 1 Patient characteristics.
Group
Age (years) 65.1
Male (%) 80%
Body mass index (kg/m2) 23.5
Hypertension (%) 95%
Diabetes mellitus (%) 55%
Dyslipidemia (%) 90%
Smoking history (%) 75%
Previous PCI for LAD lesions (%) 85%
Medications
Diuretics (%) 70%
Spironolactone (%) 60%
Calcium antagonists (%) 25%
Angiotensin-converting enzyme inhibitors (%) 35%
Angiotensin receptor blockers (%) 40%
Beta-blockers (%) 35%
Digitalis (%) 5%
Statins (%) 80%
Continuous data are shown as mean± SD. PCI, percutaneous coronary161
resence of anterior wall old MI was determined based
n medical history, electrocardiograms, and cardiac images
ncluding echocardiograms, cardiac scintigrams, coronary
ngiograms, and left ventriculograms. Anterior wall old MI
as deﬁned as follows: (1) a history of anterior wall acute
I, which was identiﬁed by a rise of cardiac biomarkers
troponin and/or creatine kinase) together with at least
ne of the following: ischemic chest pain lasting >20min,
lectrocardiographic changes indicative of new ischemia,
evelopment of abnormal Q waves in the precordial leads,
otal or subtotal occlusion of the left anterior descending
rtery (LAD) on coronary angiograms; cardiac imaging evi-
ence of new loss of viable myocardium or new regional wall
otion in the anterior wall of the left ventricle; or (2) irre-
pective of a history of ischemic chest pain lasting >20min,
bnormal Q waves in the precordial leads and imaging evi-
ence of loss of viable myocardium in the anterior wall of
he left ventricle, in the absence of a non-ischemic cause
10].
tandard 12-lead electrocardiograms
tandard 12-lead electrocardiograms were recorded at
paper speed of 25mm/s and a standardization of
0mm=1mV. The electrocardiograms were analyzed by 2
bservers who were blinded to all clinical and angiographic
ata. An abnormal Q wave was deﬁned as the wave with
20ms in duration or QS complex in leads V2—V3 and the
ave with ≥30ms in duration and ≥1mm in depth or QS
omplex in other leads [10]. A positive T wave was deﬁned
s the wave with its amplitude of ≥1mm [11].ardiac catheterization
ight and left cardiac catheterization including coronary
ngiography and left ventriculography were performed. The
oronary arteries were imaged in multiple views. A multives-
A (n = 20) Group B (n = 102) p-Value
± 6.9 66.1± 10.6 0.67
78.4% 0.99
± 6.9 23.7± 3.2 0.71
78.4% 0.12
44.1% 0.37
71.6% 0.10
64.7% 0.45
83.3% 0.99
30.4% 0.001
31.4% 0.02
40.2% 0.31
26.5% 0.44
61.0% 0.37
36.3% 0.91
3.9% 0.99
51.0% 0.25
intervention; LAD, left anterior descending coronary artery.
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Table 2 Comparisons of abnormal Q waves between the 2
groups.
Group A (n = 20) Group B (n = 102) p-Value
Number of leads 4.0± 2.4 2.7± 1.9 0.18
I 35% 10.8% 0.005
II 20% 6.8% 0.08
III 20% 7.8% 0.11
aVL 35% 29.4% 0.62
aVF 15% 8.8% 0.41
V1 40% 56.8% 0.17
V2 55% 62.7% 0.52
V3 55% 48.0% 0.57
V4 50% 29.4% 0.07
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ligure 1 Representative electrocardiograms with a positive
wave in lead aVR (A) and without it (B).
el disease was deﬁned as the presence of luminal diameter
tenosis of >50% in ≥2 major coronary arteries. The length
f the LAD was evaluated using the left coronary angiogram
ecorded in the 30◦ right anterior oblique view, and a long
AD was deﬁned as the LAD that wrapped around the apex
nd that perfused ≥25% of the inferior wall [12—15]. The
oronary angiograms were analyzed by 2 observers who
ere blinded to all patients’ data. The left ventriculogram
btained in the 30◦ right anterior oblique projection was
nalyzed for left ventricular (LV) ejection fraction and LV
olumes by the area-length method [16].
tatistical analysis
ontinuous data are expressed asmean± SD. Comparisons of
ontinuous data were performed using the unpaired t-test or
he Mann—Whitney U-test. Categorical data were analyzed
sing the Fisher’s exact test or the Chi-squared test. A p-
alue <0.05 was considered to be statistically signiﬁcant.
ll analyses were performed using SPSS 12.0J for Windows
SPSS Inc., Tokyo, Japan).
esults
he 122 patients were classiﬁed into 2 groups according to
he presence (group A, n = 20) or absence (group B, n = 102)
f a positive T wave in lead aVR. Representative electro-
ardiograms in each group are shown in Fig. 1. The patient
haracteristics are presented in Table 1. Age, gender, body
ass index, and the prevalences of hypertension, diabetes
ellitus, dyslipidemia, smoking history, and previous per-
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iV5 40% 4.9% <0.001
V6 30% 3.9% 0.001
Continuous data are shown as mean± SD.
utaneous coronary intervention for LAD lesions did not
iffer signiﬁcantly between the 2 groups. The prevalences of
iuretic use and spironolactone use were signiﬁcantly higher
n group A than in group B (70% vs 30.4%, p = 0.001, and 60%
s 31.3%, p = 0.02). Serum potassium levels did not differ sig-
iﬁcantly between the 2 groups (group A, 4.18± 0.45mEq/L;
roup B, 4.38± 0.42mEq/L).
Table 2 shows the prevalences of abnormal Q waves in
eads except lead aVR in the 2 groups. Group A had higher
revalences of abnormal Q waves in leads I, V5, and V6 than
roup B (35% vs 10.8%, p = 0.005; 40% vs 4.9%, p < 0.001; and
0% vs 3.9%, p = 0.001). Table 3 shows hemodynamic, coro-
ary angiographic, and left ventriculographic ﬁndings in the
groups. Group A had higher pulmonary arterial systolic
28.5± 6.5mmHg vs 23.6± 6.6mmHg, p = 0.003), pulmonary
rterial diastolic (11.0± 3.8mmHg vs 8.9± 3.3mmHg,
= 0.02), pulmonary capillary wedge (9.9± 4.7mmHg vs
.0± 3.6mmHg, p = 0.002), and LV end-diastolic pressures
16.5± 6.5mmHg vs 12.4± 5.9mmHg, p = 0.007) and a lower
ardiac index (2.2± 0.5 L/min/m2 vs 2.6± 0.6 L/min/m2,
= 0.009) than group B. The prevalence of a long LAD was
igniﬁcantly higher in group A than in group B (60% vs 30.4%,
= 0.01), and none of group A patients had an LAD that did
ot reach the apex. Group A had a lower LV ejection fraction
36.4± 11.6% vs 48.4± 12.7%, p < 0.001) and greater LV end-
iastolic (199.9± 88.7mL vs 139.3± 38.1mL, p = 0.007) and
nd-systolic volumes (132.3± 73.7mL vs 73.2± 30.8mL,
= 0.002) than group B.
iscussion
o the best of our knowledge, this is the ﬁrst paper to investi-
ate the associations of the positive T wave in lead aVR with
emodynamic, coronary angiographic, and left ventriculo-
raphic ﬁndings in patients with anterior wall old MI.
In the present study, patients with a positive T wave in
ead aVR had higher pulmonary arterial, pulmonary capillary
edge, and LV end-diastolic pressures and a lower cardiac
ndex than those without it. Furthermore, the former had a
ower LV ejection fraction and greater LV end-diastolic and
nd-systolic volumes than the latter. These results clearly
ndicate that in anterior wall old MI, patients with a posi-
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Table 3 Comparisons of hemodynamic, coronary angiographic, and left ventriculographic data between the 2 groups.
Group A (n = 20) Group B (n = 102) p-Value
Hemodynamic data
Pulmonary arterial systolic pressure (mmHg) 28.5± 6.5 23.6± 6.6 0.003
Pulmonary arterial diastolic pressure (mmHg) 11.0± 3.8 8.9± 3.3 0.02
Pulmonary capillary wedge pressure (mmHg) 9.9± 4.7 7.0± 3.6 0.002
Cardiac index (L/min/m2) 2.2± 0.5 2.6± 0.6 0.009
LV end-diastolic pressure (mmHg) 16.5± 6.5 12.4± 5.9 0.007
Coronary angiographic data
≥75% stenosis in the LAD (%) 65% 43.1% 0.07
Long LAD (%) 60% 30.4% 0.01
Multivessel disease (%) 55% 39.2% 0.17
Left ventriculographic data
LV end-diastolic volume (mL) 199.9± 88.7 139.3± 38.1 0.007
LV end-systolic volume (mL) 132.3± 73.7 73.2± 30.8 0.002
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Continuous data are shown as mean± SD. LAD, left anterior desce
tive T wave in lead aVR have more severely reduced cardiac
function than those without it. In the present study, patients
with a positive T wave in lead aVR had a higher prevalence
of a long LAD than those without it, and none of the former
had an LAD that did not reach the apex. It would be easily
expected that an occlusion of a long LAD can cause a large
size of ischemic/necrotic myocardium, resulting in severely
reduced cardiac function. In the present study, the preva-
lence of ≥75% stenosis in the LAD and multivessel disease
tended to be higher in patients with a positive T wave in lead
aVR than in those without it. These might have contributed
at least partly to more severely reduced cardiac function
in patients with a positive T wave in lead aVR. Considering
the results of the present study, the positive T wave in lead
aVR may be associated with an adverse outcome in patients
with anterior wall old MI. The prognostic signiﬁcance of the
positive T wave in lead aVR is necessary to be clariﬁed in
anterior wall old MI.
In the present study, the prevalences of abnormal Q
waves in leads I, V5, and V6 were signiﬁcantly higher in
patients with a positive T wave in lead aVR than in those
without it, and the prevalences of abnormal Q waves in leads
II and V4 tended to be higher in patients with a positive
T wave in lead aVR than in those without it. Considering
the spatial relations between the aVR lead and these leads,
these results are reasonable. We recently demonstrated that
in the healing stage of anterior wall MI, a prominent Q
wave (≥20ms in duration) in lead -aVR (that is, a promi-
nent R wave in lead aVR) is associated with severe regional
wall motion abnormality in the apical and inferior regions,
with an LAD wrapping around the apex [17]. In the present
study, the prevalence of a prominent R wave in lead aVR
was signiﬁcantly higher in group A than in group B (35%
vs 8.8%, p = 0.002). Further studies are needed to clarify
whether there are any differences in the clinical signiﬁ-
cances between the prominent R wave in lead aVR and the
positive T wave in lead aVR in anterior wall old MI.
The conﬁguration of the T wave is determined by
the spatial-temporal characteristics of ventricular repo-
larization, particularly the asynchrony of phase 3 of the
ventricular action potentials [11]. When repolarization of
R± 11.6 48.4± 12.7 <0.001
g coronary artery; LV, left ventricular.
njured myocardial cells is delayed compared to normal
ells, the direction of the T-wave vector changes towards
he injured region [11]. Considering the position of the aVR
ead, the presence of ischemically injured myocardium in
he apical, inferior, and lower lateral regions would make
negative T wave in lead aVR to be inverted. It would be
asily expected that an occlusion of a long LAD can cause
schemic myocardial injury in the apical, inferior, and lower
ateral regions, resulting in a positive T wave in lead aVR.
The present study has a few limitations. First, the present
tudy was retrospective, and the number of patients with a
ositive T wave in lead aVR was only 20. Therefore, further
rospective studies with a large population are needed to
onﬁrm our results. Second, we did not assess the amount of
schemic/necrotic myocardium using appropriate modalities
uch as myocardial perfusion imaging or delayed enhanced
agnetic resonance imaging. Therefore, it is unclear as
o whether patients with a positive T wave in lead aVR
ave a larger amount of ischemic/necrotic myocardium than
hose without it. Third, although the present study included
atients with anterior wall old (>6 months) MI, the polar-
ty of the T wave in lead aVR may change even after >6
onths of the onset of acute MI: in some patients, a pos-
tive T wave in lead aVR may be changed to a negative T
ave, and such patients may have an improvement in LV
unction [18]. Fourth, a positive T wave in lead aVR may
ppear in acute MI caused by an occlusion of other coro-
ary arteries. Further studies are needed to investigate the
ssociation between the positive T wave in lead aVR and LV
unction in non-anterior wall old MI.
In conclusion, this study indicates that the positive T
ave in lead aVR is related to severely reduced cardiac func-
ion, with an LAD wrapping the apex, in anterior wall old MI.
urther studies are needed to clarify whether the positive T
ave in lead aVR is associated with an adverse outcome in
atients with anterior wall old MI.eferences
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